Introduction {#s1}
============

Multimorbidity or the co-occurrence of multiple diseases, is frequent in primary care populations. Estimates for the frequency of multimorbidity depend on the definition used, with no consensus on the conditions that should be included ([@CIT0001]). In primary care populations, studies have suggested that up to a quarter of all patients may have two or more coexisting conditions, ([@CIT0002],[@CIT0003]) with the prevalence of multimorbidity increasing with age. Multimorbidity is associated with younger age at death, impairments of physical and social functioning ([@CIT0004]) and mental health problems ([@CIT0005]). Patients with multimorbidity are heavier users of primary care services and may experience lower quality of care ([@CIT0006]).

The prevalence of overweight and obesity have been increasing in Europe and North America, although the documentation of body mass index (BMI) and obesity are generally poor in primary care ([@CIT0007],[@CIT0008]). Obesity is associated with increased frequency of many long-term conditions that are of importance in primary and secondary care, including type II diabetes, cardiovascular diseases and musculoskeletal problems ([@CIT0009]). Despite the well-documented impact of obesity on morbidity and mortality, ([@CIT0009],[@CIT0010]) obesity has been seldom considered in the context of multimorbidity ([@CIT0011]). The association of obesity with multimorbidity merits evaluation. The aim of the study was to quantify the association between BMI and multimorbidity in a primary care population. An understanding of this association may offer insight into the contribution of obesity to the burden of multimorbidity in primary care and the potential for prevention of multimorbidity.

Methods {#s2}
=======

Data source {#s3}
-----------

The Clinical Practice Research Datalink (CPRD), formerly known as the General Practice Research Database, is a large database holding the electronic health records of \~7% of UK family practices. The CPRD comprises valid and representative longitudinal data for clinical, referral, test and prescribing records for registered patients ([www.cprd.com](www.cprd.com)).

Data selection and definitions {#s4}
------------------------------

A random sample of men and women aged ≥30 years was selected without replacement for the years 2005--11 with a total of 300 006 patients included. For each participant, the start of the record was defined as the later of the date of registration at the practice or the date on which the practice data began contributing research standard data to CPRD. The end of the record was the earliest of the death date, the end of the patient's registration at the practice or the last date of data collection from the practice. All patients contributed at least 12 months follow-up to the study. For each participant, person--time was divided into periods of one calendar year from 2005 to 2011, and these periods of person--time then formed the units for analysis. Each year of person--time was allocated into the following BMI categories for analysis: underweight, \<18.5kg/m^2^; normal weight, 18.5--24.9kg/m^2^; overweight, 25.0--29.9kg/m^2^; obesity category I, 30.0--34.9kg/m^2^; obesity category II, 35.0--39.9kg/m^2^ and obesity category III, \>40.0kg/m^2^. As BMI values were not recorded in every year, we used the methods of last observation carried forwards (LOCF), and next observation carried backwards, to impute BMI values for up to 3 years either side of recorded BMI values. Where more than one BMI value was informative, the nearest in time, or the value carried forward, took precedence. Participants who did not have a BMI record between 2005 and 2011, after imputing missing values, were excluded from the analysis. Missing data values for smoking were imputed using the LOCF method.

Multimorbidity was defined as the presence of two or more concurrent conditions out of 11 conditions, or groups of conditions, affecting seven functional systems of the body. The conditions were coronary heart disease, stroke, asthma, sleep apnoea, type 2 diabetes, all neoplasms, gallbladder, back pain, osteoarthritis, other joint problems and depression. These conditions represented a wide range of common disorders that may be associated with obesity. Risk factors such as hypertension and dyslipidaemia were not included. In the UK, primary care records are coded using READ codes and each condition was defined using a set of READ codes and, where appropriate, evidence of prescribing of relevant drugs such as oral hypoglycaemic drugs for diabetes. Further details on the codes used to identify the conditions are available from the authors.

Statistical analysis {#s5}
--------------------

Prevalence was employed as the measure of disease burden because of the long-term nature of the conditions studied. Prevalence estimates were obtained by 10-year age group and sex; age- and sex-standardized values were estimated using the European Standard Population for reference. The population attributable fraction (PAF) was estimated to quantify the contribution of overweight and obesity to the burden of disease in the population ([@CIT0012]).

A generalized ordered logistic regression model was used to evaluate the relationship between BMI category and the number of conditions present in each individual. Observations were each individual's person--time divided into person--years. BMI category was the principal predictor while the outcome was the number of diseases present. The number of conditions was grouped into the categories 0, 1, 2 and 3 or more. Analyses were adjusted for gender, age group, smoking status and socioeconomic deprivation. Initial analyses showed that the more restrictive assumptions of the ordinal logistic model were not met. A generalized ordered logistic model was therefore employed, which allowed the estimated odds ratios to be held constant between contrasts (from zero to one or more conditions, from one or less to two or more and from two or less to three or more conditions) for some variables, and to vary for others as appropriate. An age-squared term was included in the model in the anticipation that the relationship between age and increasing morbidities might be non-linear, and clustering within patients was accounted for. All analyses for this study were conducted using STATA 12.

Results {#s6}
=======

The initial sample included 300 006 participants. After excluding participants with no BMI data for the years 2005--11, 223 089 (74%) patients remained, contributing 1 374 109 person--years of observation to the analysis. BMI was recorded in year for 49% of person--time after imputation; individuals with missing BMI values comprised 13% of male, and 10% of female person--time; BMI values imputed by carrying values either forward or backward for up to 3 years accounted for the remainder. Men accounted for 634 107 person--years and women, 740 002 person--years; 53% of person--time for men, and 50% of person--time for women, was in age groups over 55 years. Current smoking was reported in 15% of men and 12% of women, with ex-smokers making up 38% and 27% of male and female person--time, respectively. The largest proportion of person--time in men was in the overweight category at 38%, whereas in women it was normal weight at 34%. Fewer than 2% of male and female person--time was in the underweight category. In men, obesity category I accounted for 17% of person--time, obesity category II for 5% and obesity category III for 2%; in women, the figures were 15%, 6% and 4%, respectively.

[Table 1](#T1){ref-type="table"} presents data for the distribution of number of conditions present in each participant by BMI category for men and women. The overall prevalence of multimorbidity, defined as two or more morbidities, was 27.1% in men and 33.3% in women. The prevalence of multimorbidity increased with BMI category in both genders. The prevalence of multimorbidity in normal weight men was 23.1%, increasing to 27.2% in overweight, 32.7% in obesity category I, 38.0% in obesity category II and 43.8% in obesity category III. In women, the prevalence of multimorbidity in normal weight patients was 27.6%, rising to 34.2% in overweight, 40.5% in obesity category I, 44.8% in obesity category II and 51.2% in obesity category III. The most prevalent single conditions in males and females were depression, back pain and other joint problems. The prevalence of individual conditions was generally associated with BMI category; women had higher rates of disease than men in several disease categories.

###### 

Morbidity by person--year, 2005--11

  Number of conditions                    Underweight (4735)   Normal weight (152 869)   Overweight (243 251)   Obese category I (108 223)   Obese category II (31 065)   Obese category III (12 548)
  ------------------------- ------------- -------------------- ------------------------- ---------------------- ---------------------------- ---------------------------- -----------------------------
  No conditions             Men           1894 (40.0)          60 212 (39.4)             86 477 (35.6)          33 619 (31.1)                8809 (28.4)                  3191 (25.4)
  Women                     5712 (36.6)   94 032 (37.3)        63 945 (30.2)             28 328 (26.0)          11 296 (23.9)                5716 (21.2)                  
  One condition             Men           1498 (31.6)          49 965 (32.7)             79 247 (32.6)          34 687 (32.1)                9420 (30.3)                  3749 (29.9)
  Women                     4957 (31.7)   82 795 (32.8)        68 177 (32.2)             33 267 (30.5)          13 764 (29.1)                7287 (27.0)                  
  Two conditions            Men           830 (17.5)           26 915 (17.6)             46 991 (19.3)          22 749 (21.0)                6918 (22.3)                  2875 (22.9)
  Women                     3153 (20.2)   47 643 (18.9)        46 346 (21.9)             25 945 (23.8)          11 490 (24.3)                6942 (25.7)                  
  Three conditions          Men           380 (8.0)            10 986 (7.2)              20 939 (8.6)           11 270 (10.4)                3673 (11.8)                  1492 (11.9)
  Women                     1296 (8.3)    20 167 (8.0)         2248 (10.8)               13 768 (12.6)          6829 (14.5)                  4183 (15.5)                  
  Four conditions           Men           96 (2.0)             3595 (2.4)                7161 (2.9)             4160 (3.8)                   1622 (5.2)                   855 (6.8)
  Women                     391 (2.5)     6005 (2.4)           7826 (3.7)                5654 (5.2)             2766 (5.9)                   1998 (7.4)                   
  Five or more conditions   Men           37 (0.8)             1196 (0.8)                2436 (1.0)             1739 (1.6)                   623 (2.0)                    386 (3.1)
  Women                     117 (0.7)     1664 (0.7)           2359 (1.1)                2191 (2.0)             1108 (2.3)                   861 (3.2)                    

Figures are frequencies (column percents). Units of analysis are person--years of observation.

The prevalence of multimorbidity increased with age in each BMI category ([Fig. 1](#F1){ref-type="fig"}). There was a slight decline in the prevalence of multimorbidity in men aged ≥85 with category II obesity and at ages 75--84 with category III obesity. Similar declines were not observed in women. In each age group, the prevalence of multimorbidity increased with BMI category. In underweight women aged 45--54, and men aged 45--64, the prevalence of multimorbidity was higher than that in persons of normal weight of the same age. The PAF for multimorbidity was estimated to be 19% for obesity alone, and 32% for overweight and obesity combined.

![Prevalence (%) of multimorbidity by age group (years) and BMI category in men and women, 2005--11](famprj_cmt061_f0001){#F1}

[Table 2](#T2){ref-type="table"} presents the results of the multiple regression analyses. The odds of multimorbidity increased with BMI category. For overweight participants, the odds of one disease, compared with none, were 25% higher than for normal weight patients. In category I obese patients, the relative odds were 54% higher, category II obesity 81% and category III obesity 124% higher. For participants with one condition, the odds of a second or further condition were higher at each level of BMI. For participants with two conditions, the relative odds of developing three or more conditions were 2.34 for participants with category II obesity and 3.09 for participants with category III obesity, when compared with participants with normal body weight. The associations of gender and deprivation with transition to a greater number of morbidities increased in magnitude as the number of conditions increased. Women had relative odds of 1.28, compared with men, for having one or more conditions; this increased to 1.36 for having three or more diseases. Increasing age, socioeconomic deprivation and smoking also showed larger associations with higher numbers of diseases. Smokers had a relative odds of 1.13 compared with non-smokers for having one or more diseases, but former smoking showed the higher relative odds, 1.29 for one or more conditions, rising to 1.35 for three or more conditions.

###### 

Impact of BMI category on increasing level of multimorbidity after adjusting for confounding variables

                           Increase in conditions                       
  ------------------------ ------------------------ ------------------- -------------------
  Age in decades           1.25 (1.20--1.31)        1.45 (1.39--1.52)   1.77 (1.66--1.89)
  Age squared              1.01 (1.00--1.01)        1.00 (0.99--1.00)   0.99 (0.98--0.99)
  Gender                                                                
      Male                 Ref.                     Ref.                Ref.
      Female               1.28 (1.25--1.30)        1.33 (1.31--1.36)   1.36 (1.33--1.40)
  BMI                                                                   
      Underweight          0.82 (0.78--0.87)        0.82 (0.78--0.87)   0.82 (0.78--0.87)
      Normal weight        Ref.                     Ref.                Ref.
      Overweight           1.25 (1.22--1.27)        1.29 (1.26--1.31)   1.36 (1.32--1.40)
      Obese category I     1.54 (1.51--1.58)        1.65 (1.61--1.69)   1.83 (1.77--1.90)
      Obese category II    1.81 (1.74--1.87)        2.04 (1.98--2.11)   2.34 (2.24--2.45)
      Obese category III   2.24 (2.13--2.36)        2.63 (2.51--2.76)   3.09 (2.92--3.28)
  Smoking                                                               
      Non-smoker           Ref.                     Ref.                Ref.
      Ex-smoker            1.29 (1.27--1.32)        1.30 (1.28--1.32)   1.35 (1.32--1.38)
      Smoker               1.13 (1.11--1.16)        1.13 (1.11--1.16)   1.13 (1.11--1.16)
      Missing              0.36 (0.33--0.39)        0.25 (0.21--0.29)   0.16 (0.11--0.22)
  Deprivation quintile                                                  
      Least deprived       Ref.                     Ref.                Ref.
      2                    1.01 (0.99--1.04)        1.03 (1.01--1.06)   1.07 (1.03--1.11)
      3                    1.05 (1.02--1.08)        1.09 (1.06--1.12)   1.14 (1.10--1.19)
      4                    1.13 (1.10--1.16)        1.19 (1.16--1.23)   1.25 (1.20--1.30)
      Most deprived        1.35 (1.31--1.39)        1.45 (1.41--1.49)   1.60 (1.54--1.67)

CI, confidence interval. Figures are odds ratios adjusted for each of the variables shown.

Discussion {#s7}
==========

Summary {#s8}
-------

This study evaluated the association of BMI with the prevalence of 11 conditions in a primary care population. Multimorbidity was found to be strongly associated with obesity. The prevalence of multimorbidity in category I obese patients was almost 50% higher than normal weight, and nearly double for category III obese patients. Women had consistently higher rates of multimorbidity than men. The effect of increasing BMI category on multimorbidity was similar to that of ageing, with obese patients having a prevalence of multimorbidity similar to that of normal weight patients several decades older. In the younger obese patients, aged 30--44 years, over a fifth of males and a third of females had two or more conditions. Using PAF, we estimated that almost a third of multimorbidity could be attributable to overweight and obesity, and a fifth to obesity alone, was a causal relationship to be assumed. This may have important implications for the potential to delay onset of multiple conditions through earlier and more effective management of body weight in primary care.

Strengths and limitations {#s9}
-------------------------

The study was conducted in a large, population-based cohort and distribution of BMI was broadly comparable to national data ([@CIT0013]). Studies using clinical data rely on the quality and completeness of data recorded by clinicians. In these analyses, 51% of BMI values were carried forward or backward by up to 3 years either side of an original record. This might have introduced misclassification with respect to BMI category. The cross-sectional nature of the analysis may have led to the classification of disease to an inappropriate BMI category as investigation of illness-related weight loss or gain was not always possible.

BMI generally increases with age in individuals, and over time in populations, but within-patient variation in BMI in primary care is generally small ([@CIT0007],[@CIT0010]). Ethnic differences in disease risks associated with BMI are well established, but the CPRD does not include data on ethnicity. We used a defined set of conditions to measure multimorbidity and the READ codes used to identify relevant conditions were compiled from reference sources. The prevalence of individual conditions were comparable to those reported elsewhere, ([@CIT0014]) suggesting that case definitions were appropriate. Odds were used to calculate the PAF, rather than risk, and this might lead to overestimation of the role of obesity on the burden of multimorbidity.

Comparison with existing literature {#s10}
-----------------------------------

The definition of multimorbidity varies between studies, tends to be poorly described and no standard taxonomy exists ([@CIT0015]). In-keeping with the aim of the paper, and in the absence of other papers investigating multimorbidity in relation to BMI, a set of conditions were selected based on the literature. Currently, researchers include different conditions when defining multimorbidity. We anticipate that this practice will continue, and a consensus on a gold standard or universal definition will be not be reached. Despite variations in definition, the estimated prevalence of overall multimorbidity was comparable to that found in other recent studies conducted in UK primary care, reinforcing our definition as a valid interpretation for the research question. Relationships identified with gender and socioeconomic deprivation were also consistent with current evidence ([@CIT0002],[@CIT0003]). We anticipate that the association of BMI category with multimorbidity is likely to hold even if a different definition were to be employed because simple disease counts can be as reflective as standardized measurement tools for the prediction of mortality and health service use in relation to multimorbidity ([@CIT0016]). We identified ex-smokers as having higher odds for additional disease, rather than current smokers, in contrast to a cohort study based on a similar set of chronic conditions ([@CIT0017]). Possible interpretations of this result might be reverse causation caused by smokers being more likely to give up the habit when their health deteriorates ([@CIT0018]), or weight gain after smoking cessation ([@CIT0019]).

Implications for research and/or practice {#s11}
-----------------------------------------

This study is the first to quantify the relationship between excess weight and multiple disease, but will reinforce the experience of many clinicians working with overweight patients. Health professionals working in primary care should be aware of the likelihood and implications of multiple diseases in obese patients, and measurement of BMI plus formal recognition of obesity should be used to identify patients at high risk of multimorbidity in clinical practice. Weight loss can lead to reductions in the incidence of diabetes and remission of symptoms in obese patients ([@CIT0020]). Given that both obesity and diabetes are risk factors for the onset of cardiovascular disease, it is possible that weight reduction could also impact on the incidence of other conditions such as stroke or myocardial infarction in these patients ([@CIT0021]). BMI recording to identify and monitor obesity should be a priority for primary care clinicians, along with weight management and targeted control of other risk factors such as hypertension and hypercholesterolaemia. Such changes in practice could potentially reduce the onset and burden of multimorbidity and should be a priority for those working in primary health care services.
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